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© Electron beam testing of electronic components- 

© An electron beam testing apparatus for applying 
an electron beam to parts of an electronic compo- 
nent and measuring the secondary electrons re- 
leased from the part including a secondary electron 
collector having a plurality of vertically extending 
screens with a detector positioned adjacent one of 
the screens. A di fferent voltage is applied to each of^ 
th e screens of the collector for co Keettng4he-secQn- 
dary nlftcfrons-owr a larflft grpa Tha_apparatnR may 
include a combinatio n blankin g and Faraday cup for 
(^metering the - electron beam current when it is 
^blanked. The apparatus may also be used to mea- 
^sure net. work capacitance by measuring the time 
required to charge a network to a predetermined 
00 voltage. 
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ELECTRON BEAM TESTING OF ELECTRONIC COMPONENTS 



Background^ the Invention 



It is known, as disclosed in U.S. Patent Nos. 
3,549.999. 4. 169.244 and 4.292.519 to test an elec- 
tronic component, such as integrated circuits, with 
a scanning electron microscope which directs an 
electron beam in sequence to various points on 
parts of the electronic components. A current of 
secondary electrons is emitted in response to the 
impingement of the electron beam and converted 
into an electrical signal which is a measurement of 
values of an electrical parameter at the testing 
point. 

However, most of the prior art apparatus has 
only had the capability of measuring an area of 
less than one centimeter because of resolution 
limitations. In order to measure larger areas of 
electronic components the components have been 
required to be moved relative to the beam. See 
IBM Technical Disclosure Bulletin, Volume 28. No. 
8. January 1986. One of the features of the present 
invention is the provision of a secondary electron 
collector which can accurately measure secondary 
electron emission over a large area, without moving 
the electronic component. 

Another problem with prior art devices is that 
any variations in the beam current adversely af- 
fects the measurement results. Another feature of 
the present invention is the use of a combination 
blanking and Faraday cup for sampling and mea- 
suring the beam current when the beam is blanked 
thereby achieving better accuracy. 

The present invention is also advantageous in 
that the electron beam may be used to measure 
the capacitance of networks in the electronic com- 
ponent. 

Summary 



The present invention is directed to an electron 
beam testing apparatus for applying an electron 
beam to part of an electronic component and mea- 
suring the secondary electrons released from the 
part. The apparatus includes means for directing an 
electron beam onto parts of an electronic compo- 
nent, extraction means positioned above the posi- 
tion of the electronic component, retarding means 
positioned above the extraction means, and a sec- 
ondary electron collector positioned above the re- 
tarding grid. The collector includes a plurality of 
vertically extending scr ens having a top screen 
providing an enclosure above the retarding grid for 



receiving the secondary electrons. A secondary 
electron detection means is positioned adjacent 
one or more of the vertically extending screens and 
means are provided for applying different voltages 

5 to each of the screens of the collector for collecting 
secondary electrons efficiently over a large area. 
The collector includes at least three vertically ex- 
tending screens and preferably for greater effi- 
ciency includes six vertically extending screens. In 

io one embodiment, the detector is connected to and 
receives secondary electrons through the entire 
area of one of the vertically extending screens. 

Yet a still further object of the present invention 
is the provision of a combination blanking and 

is Faraday cup which includes a set of blanking 
plates including a positive and negative plate posi- 
tioned on opposite sides of the electron beam. The 
positive plate has an opening for receiving the 
electron beam when the beam is blanked. A 

20 Faraday cup is connected to the , opening for re- 
ceiving the electron beam when it is blanked and 
directed through the opening. Means are connect- 
ed to the Faraday cup for measuring the current of 
the electron beam in the Faraday cup. This pro- 

25 vides a means for frequently checking the beam 
current for achieving greater accuracy of the output 
measurements. 

Stiil a further object of the present invention is 
the use of the present invention in measuring the 

30 capacitance of a network in the electronic compo- 
nent by providing means connected to the detec- 
tion means for measuring the time required to 
charge a network to a predetermined voltage. Be- 
cause the electron beam is a very high impedance, 

35 zero capacitance probe, it can be used to provide a 
fast, high reliability test as compared to existing 
capacitance testers which use a single mechanical 
probe, which inherently includes self-capacitance, 
to charge each net. 

40 Other and further objects, features and advan- 
tages will be apparent from the following descrip- 
tion of a presently preferred embodiment of the 
invention, given for the purpose of disclosure and 
taken in conjunction with }he accompanying draw- 
ls ings. / 

Brief Description of the Drawings 



so 

Fig. 1 is an lectrical schematic and V^ck 
diagram of the present invention, 
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Fig. 2 is an enlarged elevational view of an 
electronic component having calibration lines there- 
on illustrating the method of calibrating r the position 
of an electronic beam on and secondary electrons 
released from the electronic component. 

Fig. 2A is an enlarged view of the portion 2A 
of Fig. 2. 

Fig. 3 is a perspective view of the secondary 
electron collector and detector of the present in- 
vention, 

Fig. 4 is an electrical schematic illustrating 
the blanking and Faraday cup of the present inven- 
tion for measuring beam current. 

Fig. 4A is a cross-sectional view taken along 
the line 4A-4A of Fig. 4, 

Fig. 4B is a cross-sectional view taken along 
the line 4B-4B of Fig. 4A ( and 

Fig. 5 is an electrical schematic of a circuit 
for measuring the capacitance of a network on the 
electronic component. 

Description of the Preferred Embodiment 



Referring now to the -drawings and particularly 
to Fig. 1, the reference numeral 10 generally in- 
dicates the apparatus of the present invention 
which includes a scanning electron microscope 12 
which contains an electron gun 14 for providing an 
electron beam 16 and an electron-optical system 
18 for directing an electron beam onto an elec- 
tronic component 20. such as an integrated circuit, 
mounted on a support 22 in a vacuum chamber 24. 
Detection means 26 measures the secondary elec- 
trons released from the component 20 in response 
to the application of the electron beam 16 to the 
electronic component 20. 

Conventional scanning electron microscope 
controls 28 are provided along with the analog 
electronics 30, digital electronics 32, a video moni- 
tor 34, a PC/AT computer 36 with a monitor 38. 
and a control mouse 40. The controls actuate blan- 
king signals 42, and deflection signals 44 for se- 
quentially controlling the electron beam 16 for vec- . 
toring it to test various parts of the electronic 
component 20 and in turn receive secondary emis- 
sion detection signals 46 for measuring the emitted 
secondary electrons. 

As is conventional, extraction means such as 
an extraction grid 48 or a magnetic field extraction 
means is positioned above th electronic compo- 
nent or substrate 20 under tests, for example, 
2mm. When a part or network on the component 
20 is probed by the electron beam 16. a positive 
voltage applied to the extraction grid 48 creates an 
electrical field which quickly accelerates secondary 
electrons away from the electronic component 20 



minimizing the effects of localized fields from other 
nearby component parts. Therefore, secondary 
electrons of all energies pass through the extrac- 
tion screen 48 where they encounter a decelerating 
s field created by retarding means such as a retard- 
ing grid 50, which is negatively charged. Secon- 
dary electrons from a negative charged part will be 
more energetic and overcome the decelerating 
field and pass through the retard grid 50. Thus, the 
70 voltage applied to the retard grid 50 sets the 
threshold of element charge voltage which will be 
detected by the secondary electrons collected after 
passing through the grids 48 and 50. In addition, a 
conventional flood gun 52 may be provided to flood 
;s the electronic component or substrate 20 with elec- 
trons of the proper energy to remove negative 
charges and return all surfaces of the component 
20 to near ground potential. 

The above description of an electron beam 
20 tester is generally conventional. However, prior art 
equipment has only had aperture capability of a 
few millimeters and have been used for integrated 
circuit chip testing for a maximum coverage of one 
centimeter without the necessity of moving the 
25 electronic component 20 relative to the electron 
beam 16. The present invention is directed to an 
apparatus 10 which is able to test an electronic 
component 20 of at least ten centimeters square. 
To accurately measure voltages over such a large 
30 substrate, secondary electrons must be collected 
with equal efficiency over the tested area. The 
* detection of secondary electrons is a function of 
their distances from the detector 26. 

Referring now to Fig. 3, it is to be noted that 
35 the distance 53 that a secondary electron 54 trav- 
els to the detector 26 is different from the distance 
55 that a secondary electron 56 travels, both of 
which are released from the electronic component 
20. but at different positions. This is accomplished 
40 in the present apparatus 10 by a secondary elec- 
tron collector generally indicated by the reference 
numeral 60 which consists of a plurality of vertical 
screens, here shown as six screens 62, 64. 66, 68, 
70, and 72 positioned above the retard screen 50 
45 and together with a top screen 74 to form an 
enclosure. By adjusting the individual voltages ap- 
plied to each of the screens 62. 64. 66. 68, 70. 72 
and 74 by voltage means 63, 65. 67, 69, 71, 73 
and 75, respectively, electric fields will be created 
so in the enclosure whicfh will ydirect secondary elec- 
trons from any pomff toward the detector 26 which 
is placed behind one or more of the screens, such 
as screen 68. Onpe the proper voltage settings are 
set for any particular secondary electron emission 
55 location, the set voltages will remain constant with 
respect to the potential of the retard screen 50. 
Referencing the voltages of the collector 60 to the 
retard grid supply, allows filter tuning over a range 
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of energy cutoffs with a single voltage. As the 
electron beam 1 6 is vectored from point to point on 
th electronic component 20, the voltages on each 
of the screens in the collector 60 are set to the 
optimum for each testing position. While the num- 
ber of vertical screens *shown in the preferred em- 
bodiment of Fig. 3 is six, as few as three may be 
provided if desired. A greater number than six may 
aisb be provided for greater efficiency; however, 
six is the preferred number as a trade-off between 
efficiency of collection and complexity. 

The computer 36 sets up the voltages on each 
of the screens in the collector 60: For example only 
to illustrate the generally order of magnitude for 
one case, the extraction grid 50 may have a posi- 
tive voltage of 100 volts, the retarding grid 48 may 
have a negative potential of ten volts, screen 68 
may have a positive voltage of 50 volts, screen 62 
may have a negative voltage of 50 volts, screens 
64 and 72 may have a negative voltage of 30 volts, 
and screens 66 and 70 may have a negative volt- 
age of ten volts, applied thereto. 

The detector means 26 is of a conventional 
design such as a positively charged scintillator 
coupled to a photomultiplier tube. However, it is 
preferred that a light guide 27 cover the entire area 
of the back of the adjacent screen 68 for receiving 
all of the secondary electrons passing through the 
screen 68. Multiple scintillators may also be placed 
in back of other screens to achieve more collection 
efficiency and uniformity. 

Referring now to Figs. 2 and 2A, an electronic 
component 20 is shown having a plurality of con- 
ventional grid registration marks 80 and 82 in the X 
and Y directions, respectively. The grid lines 80 
and 82 are conventionally used for measuring the 
alignment of parts on the electronic component 20 
and calibrating the location of the electron beam 
thereon. In the simpliest embodiment, the calibra- 
tion is accomplished by the operator moving the 
mouse 40 to project the target image 81 shown on 
Fig. 2A on the video monitor 34. The operator can 
interactively measure errors and the correct the 
location of parts relative to intersecting grid lines 
80 and 82 and to transmit the errors to the com- 
puter 36 for generating correction functions for 
insuring that the electron beam is correctly vec- 
tored to the desired location. This procedure can 
be completely automated by programming the 
computer to recognize the grid intersection and to 
measure their locations relative to the deflection 
system. Normally, conventional prior art electron 
beam measuring apparatuses have resolution limi- 
tations so that th y can only measure an area of 
one square centimeter. Thus, assuming that the 
substrate 20 has a network 84 defined by end 
points B and B' and/or a network 86 having end 
points A and A , conventional prior art devices 
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would be unable to cover both of the end points of 
the networks *84 and 86 for determining, for exam- 
ple, whether the networks 84 and 86 had shorts or 
opens. However, with the secondary emission col- 
5 lector 60 of Fig. 3, the present apparatus can cover 
the entire surface of the ten centimeter square 
electronic circuit 20. In addition, the calibration 
means above described can be used to determine 
the correct location of the released secondary 
10 emissions for the purpose of setting the proper 
voltages on the various screens of the collector 60 
for their optimum values for each location. 

Normally, the electron beam 16 is transmitted 
through an aperture and deflected out of the ap- 

;s erture when it is desired to be blanked between 
changes in vectored positions of the beam 16. 
However, the current of the beam 16 may vary and 
such variations will produce inaccuracy in the test 
results. Referring now to Figs. 1, 4, 4A and 48, a 

20 combination blanking and Faraday cup is shown for 
measuring the current of the electron beam 16 
when the beam 16 is blanked. Thus, a set of 
blanking plates which includes a positive plate 90 
and a negative plate 92 are positioned on either 

25 side of the electron beam 16. The positive plate 90 
includes an opening 94 through which the beam 16 
is diverted for blanking the beam 16 from reaching 
the electronic component 20. A Faraday cup is 
connected behind the opening 94 for receiving the 

30 electron beam 16 when it is blanked. A Faraday 
cup is a well known configuration in which the 
incoming beam is directed and collected at one 
end of the cup. The current trapped in the cup 96 
is connected to and metered by a sensitive current 

35 to voltage converter 98, transmitted to an analog to 
digital converter 100 and transmitted over line 102 
to the computer 36 anytime the beam 16 is 
blanked. This structure allows a frequent check to 
be made upon the current of the electron beam 16 

40 to normalize output voltage readings from the de- 
tector 26 thereby achieving better accuracy. 

Another feature of the present invention is the 
provision of an electron beam network capacitance 
testing which can be used in combination with the 

45 apparatus 10 or as a separate testing apparatus. 
Existing capacitance testers employ a single probe 
which is used to contact and charge a network on 
the electronic component 20. Test speeds are gen- 
erally limited to about ten tes*ts per second and the 

so self-capacitance of the probe causes errors when 
small low capacitance nets are probed. However, 
the efectron beam is a high impedance, zero ca- 
pacitanc probe making it possible to measure 
network capacitance as a by-product of the net 

55 charging operation by measuring the time required 
to charge a network to a predetermined voltage. 

Referring now to Fig. 5, an electrical schematic 
for using an electron beam for capacitance testing 
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is shown in which the electron beam 16 passes 
through a blanking control 104 and is ^projected on 
a network 106 on the electronic component 20 and 
secondary Electron emissions are detected by the 
detector means 26. Capacitance values for the 
network 106 are a-direct function of the size of the 
network 106. Shorts to other networks will increase 
capacitance readings and breaks or opens in the 
network 106 will decrease capacitance. The output 
from the detector 26 is transmitted to a comparator 
108 which determines when the network 106 has 
reached a predetermined voltage as compared to a 
reference voltage input 110 to the comparator 108. 
In order to measure the time required to charge the 
network 106 to the predetermined voltage as deter- 
mined by the comparator 108 a circuit for measur- 
ing the timing charge is provided. For example, a 
"beam on" signal on line 112 is provided to a latch 
114 and at the same time resets a counter 116. 
The latch 114 output deactivates the blanking con- 
trols 104 to direct the beam 16 onto the network 
106 and simultaneously sends a signal over line 
118 to a clock 120 whose output is fed into the 
counter 116. When the comparator 108 measures 
the predetermined charge an output is transmitted 
over the reset line 124 to reset the latch 114 which 
activates the blanking controls 104 and sends a 
signal over line 118 to stop the clock 120. By 
knowing the charging time, the charge voltage, and 
the current of the beam 16, the capacitance of the 
network 106 may be determined. Thus, the elec- 
tron beam may provide a zero capacitance probe 
that may provide up to 10.000 capacitance tests 
per second resulting in a fast, high reliability ca- 
pacitance test 

The present invention, therefore, is well adapt- 

r 

ed to carry out the objects and attain the ends and 
advantages mentioned as well as others inherent 
therein. While a presently preferred embodiment of 
the invention has been given for the purpose of 
disclosure, numerous changes in the details of 
construction and arrangement of parts will be read- 
ily apparent to those skilled in the art and which 
are encompassed within the spirit of the invention 
and the scope of the appended claims. 



Claims 

1. An electron beam testing apparatus for ap- 
plying an electron beam to parts of an electronic 
component and measuring the secondary electrons 
released from said part comprising, 
means for directing an electron beam onto parts of 
an electronic component, 

extraction means including an extraction grid posi- 
tioned above the position of the electronic compo- 
nent 



retarding means including a retarding grip posi- 
tioned above the extraction grid, 
a secondary electron collector positioned above the 
retarding grid, said collector including a plurality of 
s vertically extending screens and having a top 
screen providing an enclosure above the retarding 
means, 

secondary electron detection means positioned ad- 
jacent one of the vertically extending screens* and 

?o means for applying different voltages to each of the 
screens of the collector for collecting secondary 
electrons efficiently over a large area. 

2. The apparatus of claim 1 where the collector 
includes at least three vertically extending screens. 

75 3. The apparatus of claim 1 wherein the collec- 

tor includes six vertically extending screens. 

4. The apparatus of claim 1 wherein the detec- 
tion means is connected to the entire area of said 
one or more vertically extending screen. 

20 5. The apparatus of claim 1 including a com- 

bination blanking and Faraday cup comprising, 
a set of blanking plates including a positive and a 
negative plate positioned on opposite sides of the 
electron beam, said positive plate having an open- 

25 ing for receiving the electron beam when the beam 
is blanked, 

a Faraday cup connected to the opening for receiv- 
ing the electron beam when it is blanked and 
directed through the opening, and 
30 means connected to the Faraday cup for measur- 
ing the current of the electron beam in the Faraday 
cup. 

6. The apparatus of claim 1 including means 
for measuring parameters of the capacitance of a 

35 network in electronic component including, 

means connected to the detection means for mea- 
suring the time required to charge a network to a 
predetermined voltage. 

7. In an electron beam testing apparatus for 
40 applying an electron beam to parts of an electronic 

component and measuring the secondary electrons 
released from said part the improvement compris- 
ing, 

a set of blanking plates including a positive and a 
45 negative plate positioned on opposite sides of the 
electron beam, 

said positive plate having an opening for receiving 
the electron beam when the beam is blanked, 
a Faraday cup connected to the opening for receiv- 
50 ing the electron bejjr^i when/ft is blanked by direct- 
ing it through the opening, and 
means connected to the Faraday cup for measur- 
ing the current of the electron beam in the Faraday 

cup. 

55 8. In an electron beam testing apparatus for 

applying an electron beam to part of an electronic 
component and measuring the secondary electrons 
released from said part by a detector, the improve- 
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ment of means for measuring parameters of the 
capacitance of the part comprising, 
means connected to detector for measuring when a 
predetermined voltage charge has been applied to 
the part by the electron Beam, and s 
means measuring the time to charge said part to 

said predetermined voltage charge. ' <' 

to 
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© Electron beam testing of electronic components. 

© An electron beam testing apparatus for applying 
an electron beam to parts of an electronic compo- 
nent and measuring the secondary electrons re- 
leased from the part including a secondary electron 
collector having a plurality of vertically extending 
screens with a detector positioned adjacent one of 
the screens. A different voltage is applied to each of 
the screens of the collector for collecting the secon- 
dary electrons over a large area The apparatus may 
include a combination blanking and Faraday cup for 
metering the electron beam current when it is 
blanked. The apparatus may also be used to mea- 

^ sure net work capacitance by measuring the time 
required to charge a network to a predetermined 
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